The purpose of the study was to determine the relationship between sedentary behavior (SB), physical activity (PA), and body fat (total, abdominal) or body size (body-mass index [BMI], waist circumference [WC]) in community-dwelling adults 50 yr old and over. This study included 232 ambulatory adults (50-87 yr, 37.4% ± 9.6% body fat [BF]). Average daily time spent in SB (<100 counts/min) and light (100-759 counts/min), lifestyle-moderate (760-1,951 counts/min), walking-moderate (1,952-5,724cts/min), and vigorous-intensity (≥5,725 counts/ min) PA were determined by accelerometer and corrected for wear time. BF was measured with dual-energy X-ray absorptiometry. SB was positively related to measures of BF. Measures of SB, PA, and gender accounted for 55.6% of the variance in total BF, 32.4% of the variance in abdominal fat, and 28.0% of the variance in WC. SB, PA, and age accounted for 27.1% of the variance in BMI. Time spent in SB should be considered when designing obesity interventions for adults 50 yr old and over.
viewing television, reading, or computer work . Data from the National Health and Nutrition Examination Survey (NHANES) data set showed that adults age 50-85 years spent, on average, 7.9-9.3 hr/day in SB (Matthews et al., 2008) . The fact that adults age 50 years and older suffer disproportionately from chronic diseases and disability and spend so much of their day in SB and so little in PA suggests that SB may contribute substantially, in a negative fashion, to the health of this population.
Most studies to date have shown a negative association between SB and health. Research has shown that spending too much time in SB is associated with increased risk of Type 2 diabetes (Helmerhorst, Wijndaele, Brage, Wareham, & Ekelund, 2009; Hu, 2003) , heart disease (Morris, Heady, Raffle, Roberts, & Parks, 1953) , and metabolic syndrome (Bankoski et al., 2011; Dunstan et al., 2005; Ford, Kohl, Mokdad, & Ajani, 2005; Gao, Nelson, & Tucker, 2007; Gardiner et al., 2011; Healy, Wijndaele, et al., 2008) ; higher levels of obesity as estimated by body-mass index (BMI; Bowman, 2006; Crawford, Jeffery, & French, 1999; Dunton, Berrigan, Ballard-Barbash, Graubard, & Atienza, 2009; Salmon, Bauman, Crawford, Timperio, & Owen, 2000) ; and an increased risk of weight gain (Hu, 2003; Levine et al., 2005) . To highlight the association between SB and increased risk of weight gain, Levine et al. compared postural allocations between obese and lean individuals and found that obese individuals sat, on average, 2.7 hr/ day more than lean individuals did and lean individuals stood 2.5 hr/day more than obese participants did. They concluded that if the obese adults had the same posture allocation as the lean adults, they would have expended an additional 352 kcal/day, which is greater than the energy expenditure (100 kcal/day) suggested to prevent weight gain in most Americans (Hill, Wyatt, Reed, & Peters, 2003) . This important research has primarily relied on an estimation of obesity using BMI-a measure of body size, not body fat-and has not independently considered abdominal obesity, a potent risk factor for numerous metabolic and cardiovascular diseases (Abate, Garg, Peshock, Stray-Gundersen, & Grundy, 1995; Bjorntorp, 1988; Fujioka, Matsuzawa, Tokunaga, & Tarui, 1987; Poirier et al., 2006; Pouliot et al., 1992) . Furthermore, research in this area has been conducted mostly in younger adults, with very little research focusing on the adult population over the age of 50 years. The purpose of this study was, therefore, to determine the relationship among time spent in SB, various intensities of PA, and body fat (BF; total and abdominal) or body size (BMI; waist circumference [WC] ) in a sample of community-dwelling adults over 50 years of age.
Methods

Participants
Participants were recruited from the metropolitan community by way of mass-media announcements, posted advertisements at local senior centers, and Internet postings on university outreach sites. Interested individuals were screened over the telephone by trained research assistants to determine eligibility. Enrollment eligibility criteria consisted of being 50-90 years of age. Exclusion criteria included the use of a cane or other assistive device for walking, cardiovascular disease, pulmonary disease, peripheral vascular disease, Type 1 or Type 2 diabetes mellitus, having blood pressure >160/100 mm Hg, or having orthopedic limitations that would affect the ability to walk unaided. All participants read and signed an informed-consent document approved by the university institutional review board before enrollment and participation in the study.
Study Design
This cross-sectional assessment included two visits to the laboratory separated by a 7-day PA-and SB-monitoring period using accelerometry. Visit 1 included a description of the study, review and signing of the informed-consent document, completion of a self-administered health history and demographics questionnaire, and instructions for use and wear of the accelerometer. During the monitoring period, participants were instructed to wear the accelerometer for 7 consecutive days during all waking hours. During Visit 2, they returned the accelerometer and underwent anthropometric and body-composition measures.
Measures
Accelerometer. The ActiGraph (Model 7164, ActiGraph LLC, Pensacola, FL) uniaxial accelerometer-based motion sensor was used to determine time spent in SB and PA. Participants were instructed to wear the accelerometer on the right anterior axillary line at waist level secured tightly via a manufacturer-supplied belt. They were asked to put the accelerometer on when they awoke and take it off just before going to bed or when showering or swimming. Once the 7-day monitoring period was complete, data from the accelerometer were downloaded to a personal computer per manufacturer specification and subsequently imported to a statistical software package (STATA 9.1, StataCorp LP, College Station, TX), where minuteby-minute data could be examined.
Each accelerometer file underwent the following standardized data-quality procedures to assess validity and reliability of the data (Masse et al., 2005) . Any rolling block of time greater than or equal to 60 min where the activity count was equal to zero was considered time when the monitor was not worn, and these data were removed from analysis. Accelerometer values >20,000 counts/min were considered erroneous and removed from analysis. After the data-cleaning processes were employed, only days during which the accelerometer was worn for at least 600 min were counted as valid days of data. Only participants who had at least 4 days (including 1 weekend day) of valid accelerometer data were included in the analysis (Masse et al., 2005) . Similar quality-control checks and accelerometer-data-processing approaches have been reported previously (Masse et al., 2005; Troiano et al., 2008) .
Detailed technical specifications for the ActiGraph are provided elsewhere (Chen & Bassett, 2005; Freedson, Melanson, & Sirard, 1998; Matthews, 2005; Tyron & Williams, 1996) . The primary output of interest was 1-min activity counts (counts/ min), which represent 1 min of raw accelerations that have been filtered, digitized, integrated, and rescaled. The counts per minute were classified into activity-intensity categories (e.g., sedentary, light, moderate, vigorous) based on validated cut-point values. ActiGraph cut points of <100 counts/min were considered to be SB, 100-759 counts/min were considered light-intensity PA (light PA), 760-1,951 counts/min were considered lifestyle-moderate-intensity PA (lifestyle PA), 1,952-5,724 counts/ min were considered walking-moderate-intensity PA (moderate PA), and ≥5,725 counts/min were considered vigorous-intensity PA (vigorous PA; Freedson et al., 1998; Matthews, 2005; Matthews et al., 2008) . Because only 1.4 ± 5.3 min/day were spent in vigorous PA, moderate PA and vigorous PA were combined to form one variable, moderate-to vigorous-intensity PA (MVPA) of ≥1,952 counts/min.
Anthropometrics and Body Composition. Body mass and height were measured with participants' wearing minimal clothing and no shoes. Body mass was measured to the nearest 0.01 kg using a physician's balance-beam scale (Continental Scale Corp., Bridgeview, IL), and height was measured to the nearest 0.1 cm using a stadiometer (Continental Scale Corp.). BMI was calculated according to the formula body mass (kg) divided by height squared (m 2 ). Girth measurements were taken at the waist (narrowest part of the torso between the most inferior rib and the iliac crest) using a plastic tape fitted with a tension handle. All WC measurements were taken in duplicate to the nearest 0.1 cm at the end of exhalation, with the average measurement recorded for analysis. WC was used as a marker of abdominal fat. Although WC is a general measure that assesses the circumference of the body around the waist and encompasses measures of visceral, retroperitoneal, and subcutaneous fat, as well as organs, bones, muscles, and other tissues in that area, it has been shown to positively correlate with abdominal fat content and has been shown to be a better marker of abdominal fat content than waist-to-hip ratio .
Three-compartment total BF and abdominal fat were determined using dualenergy X-ray absorptiometry (DXA; GE Lunar Prodigy, Madison, WI), which has been shown to be a reliable and valid measure of percent BF, with estimates of body composition within 1-3% BF of multicomponent models (Lohman, Harris, Teixeira, & Weiss, 2000) and coefficients of variation comparable to those of hydrostatic weighing and air-displacement plethysmography (Fields, Goran, & McCrory, 2002) .
Analysis
Descriptive statistics were run on all variables. Normality of data was assessed using QQ plots and the Shapiro-Wilk test. Time spent in SB, light PA, lifestyle PA, and MVPA were corrected for wear time by dividing time spent in the activity by total wear time of the accelerometer (% SB, % light PA, % lifestyle PA, and % MVPA). Wear-time-corrected variables were used in the following analyses. Pearson's correlation coefficients were calculated to assess the linear association among total BF, abdominal fat, BMI, and WC and % SB, % light PA, % lifestyle PA, and % MVPA. The analysis of association between % SB, % light PA, % lifestyle PA, % MVPA, and health outcomes (WC, BMI, total BF, and abdominal fat) was performed using linear-regression models. MVPA was not included in the regression modeling because % MVPA is a linear combination of % SB, % light PA, and % lifestyle PA (% MVPA = 100% -% SB -% light PA -% lifestyle PA). The presence of % MVPA would only overparameterize the regression model without any additional information. Due to high correlation between the PA measures, principal-component analysis (PCA) was applied to convert % SB, % light PA, and % lifestyle PA into three uncorrelated principal components. Thus, we proceeded with uncorrelated predictors of PA. Predictive models were then built for each of the health outcomes (WC, BMI, total BF, and abdominal fat), keeping only predictors significant at 5%. In addition to the significant principal components, we added the effects of age, gender, and education when significant. Statistical analyses were performed using SPSS 17.0 for Windows (SPSS Inc., Chicago, IL) and R (www.r-project.org). The alpha level was set at .05.
Results
Participants who volunteered for the study included 238 ambulatory adults age 50-87 years. Two participants with accelerometer wear time greater than 1,250 min/day (20.8 hr) were excluded from analysis as outliers, 2 were excluded due to missing accelerometer data, 1 was excluded because of missing age information, and 1 was excluded due to missing information on education. The remaining 232 participants were included in analyses.
Seventy-six percent of the study participants were women, and all participants had at least a high school education. On average, body size (BMI and WC) and total BF levels of participants were higher than recommended (Table 1) . Specifically, the average BMI of all participants was at the high end of the overweight category (National Heart, Lung, and Blood Institute, 1998) and higher than recommended for BF (Heyward & Wagner, 2004) . Participants spent a substantial portion of their day in SB: 10.5 hr/day with a range of 5.9-18.8 hr/day, accounting for 65.6% ±8.4% of total accelerometer wear time. In addition, data showed that participants spent ~4 hr/day, or 24.9% ± 5.8% of total accelerometer wear time, in light PA (range 2.1-7.3 hr/day); 1.2 hr/day, or 7.2% ± 3.0% of total accelerometer wear time, in an activity intensity indicative of lifestyle PA (range 12-253 min/day); 21.5 ± 1.3 min/day in an intensity suggestive of moderate PA (range 0-94 min/day); and 1.4 ± 0.4 min/day in vigorous PA (range 0-56 min/day). MVPA accounted for 2.3% ± 2.2% of total accelerometer wear time (Table 1 ). All PA data, expressed as percent of waking day (% SB, % light PA, % lifestyle PA, and % MVPA), were normally distributed. Significant negative associations were found between % SB and % light PA (r = -.877, p < .001), % lifestyle PA (r = -.784, p < .001), and % MVPA (r = -.455, p < .001). Positive relationships were seen between % light PA and % lifestyle PA (r = .474, p < .001) and % lifestyle PA and % MVPA (r = .385, p < .001) but not between % light PA and % MVPA (r = .086, p = .193).
Significant positive relationships were seen between measures of BF (total BF and abdominal fat) and % SB and between measures of body size (BMI and WC) and % SB (Table 2 ). There were negative relationships between BMI and WC and all PA intensities, with the strongest relationships being between % MVPA and BMI (p < .001) and % MVPA and WC (p < .001). Further negative relationships were seen between measures of BF (total BF and abdominal fat) and % lifestyle PA and % MVPA, but not % light PA (Table 2) .
Results of the PCA (Table 3) show that PC1 is heavily influenced by % SB, and engagement in light PA and lifestyle PA can counteract the negative influence of % SB. PC2 may be interpreted as a dimension of % light PA and % lifestyle PA. PC3 is heavily influenced by SB and therefore represents an index of % SB.
Linear-regression analyses did not include PC2 because it was not a significant contributor to the models. The linear-regression models that included PC1, PC3, and gender accounted for 55.6%, F(3, 228) = 97.6; 32.4%, F(3, 228) = 37.8; and 28.0%, F(3, 228) = 30.9, of the variance in total BF, abdominal fat, and WC, .353*** -.258*** -.177** -.437*** Waist circumference (cm) .360*** -.292*** -.177** -.373*** Total body fat (%) .222*** -.064 -.185** -.434*** Abdominal fat (%) .244*** -.107 -.158* -.440*** Note. SB = sedentary behavior (<100 counts/min) by total accelerometer wear time; light PA = lightintensity physical activity (100-759 counts/min) by total accelerometer wear time; lifestyle PA = lifestyle moderate-intensity physical activity (760-1,951 counts/min) by total accelerometer wear time; % MVPA = moderate-to vigorous-intensity physical activity (≥1,952 counts/min) by total accelerometer wear time. Total body fat and abdominal fat were assessed by dual-energy X-ray absorptiometry.
*p < .05. **p < .01. ***p < .001.
respectively. The regression model to predict BMI included PC1, PC3, and age and accounted for 27.1%, F(3, 228) = 29.6, of the variance. Within each model, the first and third principal components were positively associated with total BF, abdominal fat and WC, and BMI (Table 4) . 
Discussion
This study was designed to examine the relationship among time spent in SB, various intensities of PA, and BF (total BF and abdominal fat) or body size (BMI, WC) in a sample of community-dwelling adults 50 years old and over. Results show that % SB was related to measures of body size and BF, with more time spent in SB associated with higher BMI, higher WC, higher total BF, and higher abdominal fat levels. Furthermore, measures of % SB and % PA, along with gender, accounted for over half of the variance in total BF, almost one third of the variance in abdominal fat and over one quarter of the variance in WC, while measures of % SB and % PA, along with age, accounted for more than one quarter of the variance in BMI. We are not aware of studies examining this relationship in a population of adults 50 years old and over, so information from this study is additive to the current literature set focusing on obesity, SB, and PA.
Results showing that % SB was related to both estimates of adiposity and measures of body size are in agreement with the results of previous research showing a positive association between BMI and self-reported SB (De Cocker, van Uffelen, & Brown, 2010; Dunton et al., 2009; Hu, 2003; Santos et al., 2010) . In addition, Tucker and colleagues showed a relationship among self-reported television viewing and obesity as measured by skinfold assessment in working men (Tucker & Friedman, 1989 ) and women (Tucker & Bagwell, 1991) age 19 to over 60 years. While television viewing has been used as a surrogate measure of SB, the behavior itself may be related to obesity through its associations with energy intake in addition to lack of activity (Bowman, 2006; Tucker & Bagwell, 1991; Williams, Raynor, & Ciccolo, 2008) . Our results add to previous research by focusing on an adult population over the age of 50 years, by assessing SB through objective measures rather than self-reported behavior, and by the application of a three-compartment estimate of BF. Despite the differences in methodology and the differing populations, the results of this study support previously published research showing positive relationships between estimates of adiposity or measures of body size and time spent in SB. Possible mechanisms to explain this relationship have not been elucidated. However, a few mechanisms have been postulated: a lack of, or decreased, energy expenditure when one engages in SB in lieu of PA of any intensity; increased energy intake while engaging in SB (i.e., "mindless" eating during television viewing; Bowman, 2006; Williams et al., 2008) ; and a lack of muscle contraction, which may lead to physiological changes in the muscle (suppression of lipoprotein lipase activity and blunted translocation of GLUT4 to the skeletal-muscle surface) that may result in hyperlipidemia and hyperglycemia (Bey & Hamilton, 2003; Hamilton, Hamilton, & Zderic, 2004 O'Keefe & Bell, 2007; Zderic & Hamilton, 2006) .
Substantially more variance in total BF, compared with BMI, was accounted for with the measures of % SB and % PA. The difference between these two outcomes could be explained by the difference in what each measure assesses or the change in the association between BF and BMI as age increases. Measures of BMI assess how much one weighs relative to how tall he or she is, while DXA provides three-compartment body composition (fat mass, mineral-free lean tissue, and bone). As individuals age, changes occur in their body composition. After age 20-30 years, fat-free mass progressively declines while fat mass progressively increases until approximately age 60-70 years, after which both fat-free and fat mass decline (Baumgartner, Stauber, McHugh, Koehler, & Garry, 1995; Gallagher et al., 1997) . At any given BMI value, increases in fat mass or decreases in fat-free mass would result in an underestimation of fatness by BMI (Villareal, Apovian, Kushner, & Klein, 2005) . In addition, there is a loss of height that occurs with age, which results in an overestimation of body fatness by BMI (Villareal et al., 2005) . It is these changes in composition and stature that alter the relationship between BMI and percent BF and therefore may contribute to the differences in variance of BF and BMI that are explained by measures of % SB and % PA in this study.
Examining the SB-PA profiles of these participants shows that they spent a large portion, approximately 65%, of their day in SB; 25% of their day in light PA; and 7% of their day in moderate PA. Results for time spent in SB are similar to data from Matthews et al. (2008) , who found that NHANES participants age 50-59 years, 60-69 years, and 70-85 years spent 56%, 60%, and 67%, respectively, of their day in SB. Results from this study do not show a significant relationship between sedentary behavior and age, as seen in Matthews et al. Explanation for this discrepancy may lie in the participants of the current study. While the age range of our participants included 50-87 years, 52% of our study population were in the 60-to 69-year age bracket, while only 26% were in the 50-to 59-year category and 22% in the 70-to 87-year category.
Relationships between measures of PA and SB were all highly significant, with the exception of light PA and MVPA, which were not significantly related to each other. There were strong negative correlations between SB and light PA, and SB and lifestyle PA, while a moderate but still significant negative relationship was present between SB and MVPA. These results do not agree with previous self-report literature that suggests that PA and SB are independent of each other (Burton, Khan, Brown, & Turrell, 2011) . This discrepancy may be explained by the methodology employed to assess SB and PA. Burton et al. quantified SB and PA using self-report. While self-report measures are recommended to capture domain-and behavior-specific sedentary-time information, objective assessment is recommended to measure total sedentary time and patterns of sedentary-time accumulation . Results from this study are strikingly similar to those of Healy, Wijndaele, et al. (2008) , who assessed the relationship between SB and PA via accelerometer. Healy et al. (2011) showed significant negative relationships between SB and LPA (Pearson's r = -.96), SB and MVPA (Pearson's r = -.27), and leisure-time PA and MVPA (Pearson's r = -.02), while the current data showed significant negative relationships between SB and leisure-time PA (Pearson's r = -.88), SB and MVPA (Pearson's r = -.46), and leisure-time PA and MVPA (Pearson's r = -.09). Similarities may be due to comparable methodology employed to assess SB and PA (ActiGraph accelerometer, albeit different models) and similar cut points for SB and MVPA. Comparable relationships between measures of SB and PA existed between these two studies despite different participant age ranges (30-87 years for years for the current study).
Due to the highly correlated relationships between SB and PA in our data, we applied PCA, which is a multidimensional statistical approach that converts correlated variables into uncorrelated variables. Then, each principal component has an independent (for normal data) contribution to the outcome. PCA has been used previously to examine the interrelationships between PA and SB in children (Guinhouya et al., 2007) and to address dietary patterns (Hu, 2002; McCann, Weiner, Graham, & Freudenheim, 2001) . In this study, PCA was used to convert collinear variables (% SB, % light PA, % lifestyle PA) into independent factors or components (PC1, PC2, PC3) used to describe estimates of obesity.
Due to the cross-sectional nature of these data, cause and effect cannot be determined, and further research into the impact of daily accumulated SB and PA on BF levels in adults 50 years old and over is warranted. In addition, the accelerometer cut points used in this study to determine time spent in various intensities of PA and SB were not developed on the population included in this study, adults 50 years and older. However, there is a paucity of information on accelerometer cut points or application of accelerometer data in this population. Finally, because PA logs were not used in this study, activities such as cycling and swimming were not accounted for in the analysis.
Conclusion
Results from this study suggest that limiting sedentary time may benefit BF levels and body size of adults age 50 years and older. Furthermore, these data support current recommendations suggesting that obese and overweight individuals would benefit from increased engagement in PA. Therefore, time spent in SB should be considered when designing interventions to alter obesity level for adults 50 years old and over. Interventions designed to decrease sedentary time with PA interruptions may have the potential of preventing obesity and decreasing its prevalence rates in developed countries.
